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N-SUBSTTTUTED Z-CYANOPYRROLIDINES 

Field 

The present invention relates to N-substituted 2-cyanopyrrolidines. More particularly, 
it provides novel N-glycyl-2-cyanopyrrolidine derivatives. 

Background 

Dipeptidyi peptidase-IV (DPP-IV) is a serine protease which cleaves N-terminal 
dipcplides from a peptide chain containing, preferably, a proline residue in the penultimate 
position. Although the biological role of DPP-IV in mammalian systems has not been 
completely established, it is believed to play an important role in neuropeptide metabolism, 
T-cell activation, attachment of cancer cells to the endothelium and the entry of HIV into 
lymphoid cells. DPP-IV is responsible for inactivating glucagon-likc peptide- 1 (GLP^l). 
More particularly, DPP-IV cleaves the amino-tcrminal His-AIa dipeptide of GLP- 1, generating 
a GLP-1 receptor antagonist, and thereby shortens the physiological response to GLP-1 . Since 
the halMife for DPP-FV cleavage is much shorter than the half-life for removal of GLP-1 from 
circulation, a significant increase in GLP-1 bioactivity (5- to 10-fold) is anticipated finom 
DPP-IV inhibition. Since GLP-1 is a major stimulator of pancreatic insulin secretion and has 
direct beneficial effects on glucose disposal, DPP-TV inhibition appears to represent an 
attractive approach for treating non-insulin-dependent diabetes mellitus (NIDDM). 

r 

Although a number of DPP-IV inhibitors have been described, all have limitations 
relating to potency, stability or toxicity. Accordingly, a great need exists for novel DPP-IV 
inhibitors which are useful in treating conditions mediated by DPP-IV inhibition and which do 
not suffer from the above-mentioned limitations. 
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Summary of the invention 

The invention provides novel N-(N'-subsdtuted glycyl)-2-cyanopyrrolidincs which are 
effective as DPP-IV inhibitors in treating conditions mediated by DPP-IV. It also concerns 
corresponding pharmaceutical compositions, a process for their preparation, a method of 
inhibiting DPP-IV comprising administering to a patient in need of such treatment a 
therapeutically effective amount thereof, the compounds for use as a pharmaceutical, and their 
use in a process for the preparation of a medicament for treating a condition mediated 
by DPP-IV. 



Detailed description 

The invention concerns N-(N' -substituted glycyl)-2-cyanopyrn)lidincs, hereinafter 
briefly named "the compounds of the invention"; more particularly, it concerns compounds 
of formula I: 



H 



\ 



^ N 



wherein R is: 

a) RiRuN(CH2)«- wherein 

R] is a pyridinyl or pyrimidinyl moiety optionally mono- or independently 
disubstituted with (CM)alkyl. (CM)aIk:oxy, halogen, trifluoromethyl. 
cyano or nitro; or phenyl optionally mono- or independently disubstituted 
with (Cju)alkyl, (CM)alkoxy or halogen; 

Ru is hydrogen or (CM)alJcyl; and 

m is 2 or 3; 

b) (Cj.u)cycloalkyl optionally monosubstituted in the 1 -position with (C|.3)hydroxyalkyl; 

c) R2(CH2)„' wherein cither 

R2 is phenyl optionally mono- or independently di- or independently trisubstituted 
with (Ci-4)alkyl, (CM)alkoxy, halogen or phenylthio optionally monosubstituted 
in the phenyl ring with hydroxyniethyl; or is (Ci^)alkyl; a [3.1.1]bicyclic 
carbocyclic moiety optionally mono- or plurisubstituted with (Ci.8)alkyl; 
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a pyridinyl or naphthyl moiety optionally mono- or independently disubstitutcd 
with (CM)alkyl, (CM)alkoxy or halogen; cyclohexene; or adamantyl; and 
n is 1 to 3; or 

R2 is phenoxy optionally mono- or independently disubstituted with (CM)alkyU 

(CM)alkoxy or halogen; and 
n is 2 or 3; 

d) (RahCHCCHi)!- wherein each R3 independently is {rfienyl optionally mono- or 

independently disubstitutcd with (CM)allcyl, 
(CM)alkoxy or halogen; 

e) R4(CH2)p- wherein R4 is 2-oxopyrrolidinyl or (C2-t)alkoxy and 

p is 2 to 4; 

f) isopropyl optionally monosubstituted in 1 -position with (Ci.3)bydroxyalkyl; 

g) R5 wherein R3 is: indanyl; a pynolidinyl or pipcridinyl moiety optionally substituted with 

benzyl; a [2.2,1]- or [3.Ll]bicycIic carbocyclic moiety optionally mono- or 
plurisubstituted with (C]^)alkyl; adamantyl; or (Ci^)alkyl optionally mono- or 
independently plurisubstituted witii hydroxy, hydroxymethyl or phenyl optionally mono- 
or independently disubstituted witii (CM)alkyl, (Cj-4)alkoxy or halogen; 
in free form or in acid addition salt form. 

The compounds of formula I can exist in free form or in acid addition salt form. Salt 
forms may be recovered from the free form in known manner and vice-versa. Acid addition 
salts may e.g. be those of pharmaceutically acceptable organic or inoi^ganic acids. Although 
the preferred acid addition salts are the hydrochlorides, salts of methancsulfonic, sulfuric, 
phosphoric, citric, lactic and acetic acid may also be utilized. 

The compounds of the invention may exist in the form of optically active isomers or 
diastcreoisomers and can be separated and recovered by conventional techniques, such as 
chromatography. 

"Alkyl" and "alkoxy" are either straight or branched chain, of which examples of the 
latter are isopropyl and tert-butyl. 

R preferably is a), b) or e) as defined above. Ri preferably is a pyridinyl or pyrimidinyl 
moiety optionally substituted as defined above. Ru preferably is hydrogen. Rj preferably is 
phenyl optionally substituted as defined above. R3 preferably is unsubstituted phenyl. 
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3R4 preferably is alkoxy as defined above. R5 preferably is optionally substituted alkyi as defined 
above, m preferably is 2. n preferably is I or 2, especially 2. p preferably is 2 or 3, 
especially 3. 

Pyridinyl preferably is pyridin-2-yl; it preferably is unsubstituted or monosubstituted, 
preferably in 5-position. Pyrimidinyl preferably is pyrimidin-2-yL It preferably is unsubstituted 
or monosubsdtuted. preferably in 4-position. Preferred as substitutents for pyridinyl and 
pyrimidinyl are halogen, cyano and nitro, especially chlorine. 

When it is substituted, phenyl preferably is monosubstituted; it preferably is substituted 
with halogen, preferably chlorine, or methoxy. It preferably is substituted in 2-, 4- and/or 
5-position, especially in 4-posidon. 

(C3.i3)cycloalkyl preferably is cyclopentyl or cyclohexyl. When it is subsdtuted, it 
preferably is substituted with hydroxymethyl. (CM)alkoxy preferably is of 1 or 2 carbon 
atoms, it especially is methoxy. (C2u)alkoxy preferably is of 3 carbon atoms, it especially is 
isopropoxy. Halogen is fluorine, chlorine, bromine or iodine, preferably fluorine, chlorine or 
bronoine. especially chlorine. (C|.8)alkyl preferably is of 1 to 6, preferably 1 to 4 or 3 to 5, 
especially of 2 or 3 carbon atoms, or methyl, (Cm) alkyl preferably is methyl or ethyl, 
especially methyl. (C|.3)hydroxyalkyl preferably is hydroxymethyl. 

A [3.1.1]bicyclic carbocyclic moiety optionally substituted as defined above preferably 
is bicyclo[3. 1 . 1 ]hept-2-yl optionally disubstituted in 6-position with methyl, or 
bicyclo[3.1.1]hept-3-yl optionally trisubstituted with one metiiyl in 2-position and two methyl 
groups in 6-position. A (2.2.1]bicyclic carbocyclic moiety optionally substituted as defined 
above preferably is bicyclo[2.2.1]hept-2.-yl. 

Naphthyl preferably is l-naphthyl. Cyclohexene preferably is cyclohex-l-en-I-yl. 
Adamantyl preferably is.l- or 2-adaraantyL 

A pyrrolidinyl or piperidinyl moiety optionally substituted as defined above preferably is 
pyrToIidin-3-yl or piperidin-4-yl. When it is substituted it preferably is N-substituted. 
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A preferred group of compounds of the invention is the compounds of formula I 
wherein R is R' (compounds la), whereby R' is: 

- Ri'NH(CH2)2- wherein Rj' is pyridinyl optionally mono- or independently disubstituted with 

halogen, trifluoromethyl, cyano or nitro; or unsubstituted 
pyrimidinyl; 

- (C3.7)cycloalkyl optionally monosubstituted in 1 -position with (C|.3)hydroxyalkyl; 

- PU'(CH2)3- wherein R*' is (C2-4)alkoxy; or 

- R3, wherein R5 is as defined above; 

in free form or in acid addition salt form. 

More preferred compounds of the invention arc those compounds of formula I wherein 
R is R** (compounds lb), whereby R** is: 

- Rj "NH(CH2)2- wherein Rj is pyridinyl mono- or independently disubstituted with halogen, 

trifluoromethyl, cyano or nitro; 

- (C4.6)cycloalkyl monosubstitutcd in 1-position with (Ci.3)hydroxyaIlcyl; 

- R4XCH2)3- wherein R4' is as defined above; or 

- R5' wherein Rj* is a [2.2.1]- or [3.1.1]bicyclic carbocyclic moiety optionally mono- or 

plurisubstituted with (CM)alkyl; or adamantyl; 
in free form or in acid addition salt form. 

Even more preferred compounds of the invention are the compounds of formula I wherein 
R is R"' (compounds Ic). whereby R*" is: 

- Ri"NH(CH2)2- wherein Rr is as defined above; 

- (C4^)cycIoalkyl monosubstitutcd in 1 -position with hydroxymcthyl; 

- R4*(CH2)3- wherein R4' is as defined above; or 

- R5" wherein R3" is adamantyl; 

in free form or in acid addition salt form. 
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A further group of compounds of the invention is compounds Ip, wherein R is R**, 
which is: 

a) Ri'WI(CH2)2- wherein RiMs a pyridinyl or pyrimidinyl moiety optionally mono- or 

independently disubstituted with halogen, trifluoromethyl. 
cyario or nitro; 

b) (C3.7)cycloalkyl optionally monosubstituted in 1 -position with (C|.3)hydroxyalkyl; 

c) R2**(CH2)r wherein Ra'* is phenyl optionally mono- or independently di- or independently 

trisubstituted with halogen or (Ci.3)alkoxy; 

d) CR3^2CH(CH2)2- wherein each Rj** indcpcndendy is phenyl optionally monosubstituted with 

halogen or (C|.3)alkoxy; 

e) R4(CH2)3- wherein R4 is a5 defined above; or 

f) isopropyl optionally monosubstituted in 1-position with (C|.3)hydroxyalkyl; 
in free form or in pharmaccutically acceptable acid addition salt form. 

A further group of compounds of the invention is compounds Is, wherein R is R*, 
which is: 

a) Ri*Ri«'(CH2)nB- wherein R/ is pyridinyl optionally mono- or independentiy disubstituted 

with chlorine, trifluoromethyl, cyano or nitro; pyrimidinyl 
optionally monosubstituted with chlorine or trifluoromethyl; 
or phenyl; 

Ri.' is hydrogen or methyl; and 

ms is 2 or 3; 

b) (C3.i2)cycloalkyl optionally monosubstituted in 1-position with hydroxymethyl; 

c) R2*(CH2)n,- wherein cither 

R2* is phenyl optionally mono- or independentiy di- or independently 
trisubstituted with halogen, alkoxy of 1 or 2 carbon atoms or 
phenylthio monosubstituted in the phenyl ring with hydroxymethyl; 
(Ci-6)alkyl; 6,6-dimethylbicyclo[3.1.1]hept-2-yl; pyridinyl; 
naphthyl; cyclohexene; or adamantyl; and ns is 1 to 3; or 

R2* is phenoxy; and ns is 2; 

d) (3,3-diphenyl)propyl; 
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e) R4'(CH2)pi wherein R4' is 2-oxopyrrolidin-l-yl or isopropoxy and 

ps is 2 or 3; 

f) isopropyJ optionally monosubstituted in I -position with hydroxymethyl; 

g) R5' wherein R5' is: indanyl; a pyrrolidinyl or piperidinyl moiety optionally N-substituted 

with benzyl; bicyclo[2.2.1]hept-2-yl; 2.6,6-triniethylbicycIo- 
[3.M]hept-3-yl; adamantyl; or (Ci^)alkyl optionally mono- or 
independently disubstitutcd with hydroxy, hydroxymethyl or phenyl; 
in free form or in acid addition salt form. 

The compounds of the invention may be prepared by a process which comprises 
coupling a reactive (2-cyanopyrrolidino)carbonylmcthyIene compound with an appropriate 
substituted amine; more particularly, for the preparation of the compounds of formula I it 
comprises reacting a compound of formula n 



O 

N 



n 



L 

wherein X is a reactive group, 
with a compound of formula HI 

NHjR 

wherein R is as defined above, 

and recovering the resultant compound of formula I in free form or in acid addition salt form. 



in 



X preferably is a halogen such as bromine, chlorine or iodine. 

The process of the invention may be effected in conventional manner. 

The compound of formula II is preferably reacted with at least 3 equivalents of a 
primary amine of formula HI. The reaction is conveniently conducted in the presence of an 
inert, organic solvent, preferably a cyclic ether such as tetrahydrofuran. The temperature 
preferably is of from about 0* to about 35**C, preferably between about 0** and about 25**C. 

The compounds of the invention may be isolated from the reaction mixture and purified 
in conventional manner, e.g. by chromatography. 
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Thc starting materials may also be prepared in conventional manner. 
The compounds of formula n may e.g. be prepared by the following two-step reaction 
scheme: 



STEPl STEP 2 



O 



I 1 EtJsr. DMAP 



Et3N, DMAP (at least 2 eq.) 



n 



IV 



Step 1 involves the reaction of the pyrrolidine of formula IV with a slight molar excess 
of a haloacetylhalide such as bromoacetylbronnide or chJoroacetylchloride and triethylamine 
and a catalytic amount of dimethylaminopyridine (DMAP). The reaction conveniently is 
conducted in the presence of an inert, organic solvent, preferably a chlorinated, aliphatic 
hydrocarbon such as methylene chloride, at a temperature of from about 0° to about 25*C, 
preferably at a temperature between about 0° and about 15*C, 

Step 2 concerns the dehydradon of the compound of formula V, prepared in Step 1, 
with at least 2 equivalents of trifluoroacetic anhydride (TFAA). The dehydration preferably is 
conducted in the presence of an inert, organic solvent such as tetrahydrofuran or a chlorinated, 
aliphatic hydrocarbon such as methylene chloride, at a temperature of from about 0** to about 
25'*C, preferably at a temperature between about 0** and about 15'C. 

Insofar as its preparation is not particularly described herein, a compound used as 
starting material is known or may be prepared from known compounds in known manner or 
analogously to known methods or analogously to methods described in the Examples. 
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The following Examples illustrate the invention. All temperatures arc in degrees 
Celsius. 

Example 1 : l-r2-r(5-Chlort)Dvridin"2-vl)arn[no1ethvlainino1acetvl-2-cYano* 
fS)-PvrroIidme 

To a 500 ml flask is added 16.6 g of 2-[(5-chloropyridin-2-yI)amirio]ethyIamine and 
100 ef tetrahydrofiiran and the mixture is cooled in an ice bath. To the cooled mixture is 
added 7.0 g of (2-cyanopyrrolidino)carbonylniethylene-(S)-broniide dissolved in 30 ml of 
tetrahydrofuran. The resultant mixture is stirred for 2 hours at 0**, the solvent is rennovcd by 
rotovaping and the mixture is partitioned between ethyl acetate and water. The product is then 
extracted into the ethyl acetate layer and the aqueous layer is then washed twice with ethyl 
acetate. The combined organic layers arc washed successively with water and brine, dried over 
sodium sulfate and concentrated to obtain the desired free base compound in crude form. The 
crude form is then purified on silica gel employing a mixture of 5% methanol in methylene 
chloride as the eluent to yield the title compound in free base form as a light brown oil. 

After dissolving the free base in 30 ml of dry tetrahydrofuran, hydrogen chloride gas 
is bubbled into the solution for five seconds. The off-white precipitate that forms is filtered, 
washed with dry tetrahydrofuran and the solvent is removed by high vacuum pumping to 
obtain the title compound in dihydrochloride acid addition salt form (off-white solid; 
m.p. 265*'-267*; NMR: see * at bottom of Table hereunder). 

The starting material is obtained as follows: 
a) 22.37 g of (S)-2-carbamoylpyrrolidine, 30.1 ml of triethylamine and 30.0 mg of 
dimethylaminopyridine (DMAP) arc dissolved in 200 ml of methylene chloride and the solution 
is then added, drop wise, to an ice-cold solution of 18.8 ml of bromoacetylbroniide in 192 ml 
of methylene chloride, over a period of 60 minutes under a calcium sulfate drying tube. The 
resultant solution is stirred for 2 hours at ice-water temperature under a calcium sulfate drying 
tube, then poured into 3.5 liters of ethyl acetate. The resultant precipitate is filtered, washed 
with ethyl acetate, and the filtrate is concentrated to obtain (2-carbamoylpyrroUdino)- 
carbonylmethyIene-(S)-bromlde (hard yellow taffy). 
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b) 50.0 g of the bromide compound prepared in a) above is dissolved in 300 ml of methylene 
chloride and the solution is cooled in an ice water bath under a calcium sulfate drying tube. 
The cooled solution is then poured into 60.2 ml of trifluoroacetic anhydride over a 2 minute 
period, the resultant solution is stirred at ice-water temperature under a calcium sulfate drying 
tube for 4 hours, and partitioned between methylene chloride and saturated aqueous sodium 
bicarbonate. The product is extracted into the methylene chloride layer and the aqueous layer 
is washed twice witii methylene chloride. The combined organic 

iayers are washed successively with water and brine and then dried over sodium sulfate. The 
solution is filtered and the solvent is removed by rotovaping and high vacuum pumping to 
obtain (2"CyanopyrroIidijtio)carbonylmethyIene-(S)-bromide (dark yellow solid). 
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The compounds of the invention in free fonn or in pharaiaccutically acceptable acid 
addition salt form, hereinafter briefly named "the agents of the invention\ in particular, the 
compounds of formula I in free form or in pharmaceutically acceptable acid addition salt form, 
possess pharmacological activity. They are therefore indicated for use as pharmaceuticals. 

In particular, they inhibit DPP-IV. This activity may be demonstrated employing the 
Caco-2 DPP-IV assay, which measures the ability of test compounds to inhibit DPP-IV 
activity from human colonic carcinoma cell extracts. The human colonic carcinoma cell line 
Caco-2 can be obtained from the American Type Culture Collection (ATCC HTB 37). 
Differentiation of the cells to induce DPP-IV expression is accomplished as described by 
Reisher et al. in Proc.Natl.Acad.Sci.USA 2Q (1993) 5757-5761. Cell extract is prepared from 
cells solubilized in 10 mM Tris-HCl, 0.15 M NaCl, 0.04 t.i.u. (trypsin inhibitor unit) 
aprotinin, 0.5% non-ionic detergent P40, pH 8.0, which is centrifuged at 35 000 g for 30 min ' 
at 4**C to remove cell debris. The assay is conducted by adding 20 mg solubilized Caco-2 
protein, diluted to a final volume of 125 ml in assay buffer (25 mM Tris-HCl pH 7.4, 140 mM 
NaCl, 10 mM KCl, 1 % bovine semm albumin) to microtiter plate wells. The reaction is 
initialed by adding 25ml of 1 mM substrate (H-Alanine-Proline-pNA; pNA is /^nitroaniline). 
The reaction is run at room temperature for 10 minutes after which time a 19 ml volume of 
25% glacial acetic acid is added to stop the reaction. Test compounds are typically added as 
30 ml additions and the assay buffer volume is reduced to 95 ml, A standard curve of free 
p-nitroaniline is generated using 0-500 mM soluLlons of free pNA in assay buffer. The curve 
generated is linear and is used for interpolation of substrate consumption (catalytic activity in 
nmoles substrate cleaved /min). The endpoint is determined by measuring absorbance at 
405 nm in a Molecular Etevices UV Max microtiter plate reader. The potency of the test 
compounds as DPP-IV inhibitors, expressed as IC50, is calculated from 8-point, dose-response 
curves using a 4-parameter logistic function. 

In the above test, IC50 values of from about 10 nM to about 900 nM arc obtained with 
the agents of the invention, e.g. 22 nM for the agent of Example 3. 

The DPP-IV inhibition nmay also be demonstrated by measuring the effects of test 
compounds on DPP-IV activity in human and rat plasma cmploymg a modified version of the 
assay described by Kubota et al. in Clin.Ex p.Immunol 82 (1992) 192-197. Briefly, five ml 
of plasma are added to 96-well flat-bottom miaotiter plates OPalcon), followed by the addition 



OD©e 



i 



• • • 

• • • « • 



• • • • • • 



• ♦ 
• • • • 



wo 98/19998 



PCT/EP97/06125 _ 



-18- 



of 5 ml of 80 mM MgCh in incubation buffer (25 niM PffiPES, 140 mM NaCl. 
1 % RIA-gradc BSA, pH 7.8). After a 5 min incubation at room temperature, the reaction is 
initiated by the addition of 10 ml of incubation buffer containing 0.1 mM substrate (H-Glycine- 
Proline-AMC; AMC is 7-amino-4-methylcoumarin). The plates arc covered with aluminum 
foil (or kept in the dark) and incubated at room temperature for 20 min. After the 20 min 
reaction, fluorescence is measured using a CytoFluor 2350 fluorimctcr (Excitation 380 nm 
Emission 460 nm; sensitivity setting 4). Test compounds arc typically added as 2 ml additions 
and the assay buffer volume is reduced to 13 ml. A fluorescence-concentration curve of free 
AMC is generated using 0-50 mM solutions of AMC in assay buffer. The curve generated is 
linear and is used for intcrpoladon of substrate consumption (catalytic activity in nmolcs 
subsu^tc cicaved/min). As with the previous assay, the potency of the test compounds as 
DPP-rV inhibitors, expressed as IC50, is calculated from 8-point, dose-response curves using a 
4 parameter logistic fiincdon. 

In the above assay, IC50 values of from about 7 nM to about 2000 nM arc obtained in 
human plasma, and of from about 3 nM to about 400 nM in rat plasma, e.g., for the agent of 
Example 3, of 7 nM in human and 6 nM in rat plasma, respectively. 



In view of their ability to inhibit DPP-IV, the agents of the invention are indicated for 
use in treating conditions mediated by DPP-IV. It is expected that the compounds 
disclosed herein are useful in the treatment of non-insulin-dependent diabetes mellitus, 
arthritis, obesity, and osteoporosis such as calcitonin-osteoporosis. The agents of the 
invention improve early insulin response to an oral glucose challenge and, therefore, arc 
particularly indicated for use in treating non-instilin-dependent diabetes mellitus and 
further conditions of impaired glucose tolerance (IGT). 

The ability of the agents of the invention to improve early insulin response to an oral 
glucose challenge may e.g. be measured in insulin resistant rats according to the following 
method: 

Male Sprague-Dawlcy rats that have been fed a high fat diet (saturated fat = 57 % 
calories) for 2-3 weeks arc fasted for approximately 2 hours on the day of testing, divided 
into groups of 8-10, and dosed orally with 10 mmol/kg of the test compounds in 
carboxymethylcellulose (CMC). An oral glucose bolus of 1 g/kg is administered 30 min after 
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the test compound directly into the stomach of the test animals. Blood samples, obtained at 
various timcpoints from chronic jugular vein catheters are analyzed for plasma glucose and 
' immunoreactivc insulin (IRI) concentrations, and plasma DPP-IV activity. Plasma insulin 
levels arc assayed by a double antibody radioimmunoassay (RIA) method using a specific 
anti-rat insulin antibody from Linco Research (Sl Louis. MO, USA). The RIA has a lower 
limit of detection of 0.5 mU/ml with intra- and inter-assay variations of less than 5%, Data are 
expressed as % increase of the mean of the control animals. 

It was found that upon oral administradon, each of the compounds tested amplified the 
early insulin response which led to an improvement in glucose tolerance in the insulin resistant 
test animals. The foUowing results were obtained: 





Increase of insulin response 
at 10 mmoWcg 


Ex. 1 


61 % 




66% 


j Ex.5 


108% 

: 


Ex.8 


144% 


1 Ex.12 


59% 



■ The precise dosage of the agents of the invention to be employed for treating 
conditions mediated by DPP-IV inhibition depends upon several factors, including the host, the 
nature and the severity of the condition being treated, the mode of administration and the 
particular compound employed. However, in general, conditions mediated by DPP-IV 
inhibition are effectively treated when an agent of the invention is administered cnterally, 
e.g. orally, or parentcrally, e.g. inu^venously, preferably orally, at a daily dosage of from about 
0.002 mg/kg to about 5 mg/kg, preferably of from about 0.02 mg/kg to about 2.5 mg/kg body 
weight or, for most larger primates, a daily dosage of from about 0. 1 mg to about 250 mg, 
preferably from about 1 mg to about 100 mg. A typical oral dosage unit is from about 
0.01 mg/kg to about 0.75 mg/kg, one to three times a day. Usually, a small dose is 
administered initially and the dosage is gradually increased until the optimal dosage for the host 
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under treatment is determined. The upper limit of dosage is that imposed by side effects and 
can be determined by trial for the host being treated. 

The agents of the invention may be combined with one or more pharmaceutically 
acceptable carriers and, optionally, one or more other conventional pharmaceutical adjuvants 
and administered enterally, e.g. orally, in the form of tablets, capsules, caplets, etc., or 
parenterally, e.g. intravenously, in the form of sterile injectable solutions or suspensions. The 
enteral and parenteral compositions may be prepared by convcntionaJ means. 

The agents of the invention may be formulated into enteral and parenteral 
pharmaceutical compositions containing an amount of the active substance that is effective for 
treating conditions mediated by DPP-IV, such compositions in unit dosage form and such 
compositions comprising a pharmaceutically acceptable carrier. 



Those agents of the invention which arc e.g. of formula I may be administered in 
enantiomerically pure (S) form (e.g. ^ 98 %, preferably ^ 99 % pure) or together with the 
other enantiomer, e.g. in raccmic fomi. The above dosage ranges are based on the compounds 
of formula I (excluding the amount of E enantiomer). 



The invention thus also comprises an agent of the invention, in particular, a 
compound of formula I as defined above, in free form or in pharmaceutically acceptable acid 
addition salt form, for use as a pharmaceutical. It further includes a pharmaceutical 
composition comprising an agent of the invention, in particular a compound of formula I as 
defined above, in free fomn or in pharmaceutically acceptable acid addition salt form, together 
with at least one pharmaceutically acceptable carrier or diluent. It further comprises the use of 
an agent of the invention, in particular, a compound of formula I as defined above, in free form 
or in pharmaceutically acceptable acid addition salt form in the preparation of a medicament 
for inhibiting DPP-IV or treating conditions mediated by DPP-IV, by a process comprising 
mixing an agent of the invention with a pharmaceutically acceptable carrier or diluent It 
further provides a method of iniilbiting DPF-FV, or of treating conditions mediated by 
DPP-rV, which comprises administering to a patient in need of such treatment a 
tiierapcutically effective amount of a compound of the invention, in particular, of formula I in 
free form or in pharmaceutically acceptable acid addition salt form. 
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The agents of Examples 1. 3, 5, 8 and 12 arc the preferred agents of the invention, 
particularly those of Examples 1, 3, 5 and 12, preferably in hydrochloride acid addition salt 
form, especially the agent of Example 3, namely l-[2-[(5-cyanopyridin-2-yl)amino]- 
cthylamino]acetyl-2-cyano-(S)-pyrrolidine, preferably in dihydrochloridc acid addition salt 
fomi. It has been determined that in hydrochloride form they have an IC50 value in the Caco-2 
DPP-IV assay of. respectively, 36, 22, 26, 8 and 279 nM, and in the modified Kubota assay 
above, an IC50 value for, respectively, human and rat plasma DPP-IV, of 21 and 22 nM 
(Example I); 7 and 6 nM (Example 3); 37 and 18 nM (Example 5); 12 and 1 1 nM 
(Example 8); and 95 and 38 nM (Example 12). It is, therefore, indicated that for the above 
uses the compounds of Examples 1, 3, 5, 8 and 12 may be administered to larger mammals, for 
example humans, by similar modes of administration at similar dosages than conventionally 
employed with metfomiin. 
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Oaims: 



1. An N-(N'-substitutcd glycyI>2-cyanopyTTolidine. 



2. A compound of formula I: 




CN 



I 



wherein R is: 



a) RiRiJ^J(CH2)ni- wherein 



Ri is a pyridinyl or pyrimidinyl moiety optionally mono- or independently 
disubstituted with (CM)alkyl, (CM)alkoxy, halogen, trifluoromcthyl, 
cyano or nitro; or phenyl optionally mono- or independently disubstituted 
with (Ci-()alkyl, (CM)alkoxy or halogen; 

Ri, is hydrogen or. (Ci^)alkyl; and 

mis 2 or 3; 



b) (C3-i2)cycloalkyI optionally monosubstituted in the 1 -position with (Ci.3)hydroxyalkyl; 

c) R2(CH2)n- wherein either 

R2 is phenyl optionally mono- or independently di- or independently trisubstituted 



with (CM)alkyl, (CM)alkoxy, halogen or phenylthio optionally monosubstituted 
in the phenyl ring with hydroxymethyl; or is (Ci^)alkyl; a [3.1.1]bicyclic 
caibocyclic moiety optionally mono- or plurisubsdtuted with (C|.B)alkyI; 
a pyridinyl or naphthyl moiety optionally mono- or independently disubstituted 



n is 1 to 3; or 

R3 is phcnoxy optionally mono- or independently disubstituted with (CM)alkyl, 

(Ci^)alkoxy or halogen; and 
n is 2 or 3; 



d) (R3)2CH(CH2)2- wherein each R3 independently is phenyl optionally mono- or 

independently disubstituted with (CM)alkyl. 
(CM)alkoxy or halogen; 



with (CM)alkyL (CM)alkoxy or halogen; cyclohexene; or adamantyl; and 
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c) R4(CH2)p- wherein R* is 2-oxopyiTolidinyl or (C3-4)alkoxy and 
p is 2 to 4; 

f) isopropyl optionally monosubstitutcd in 1 -position with (Ci.3)hydroxyalkyl; 

g) Rs wherein R5 is: indanyl; a pyirolidinyl or piperidinyl moiety optionally substituted with 

benzyl; a [2.2.1]- or [3.1.1]bicyclic carbocydic moiety optionally mono- or 
plurisubstitutcd with (Ci-8)alkyl; adamantyl; or (Ci^)alkyl optionally mono- or 
independently plurisubstitutcd with hydroxy, hydroxymethyl or phenyl optionally mono- 
or independently disubstinited with (CM)aikyi, (CM)alkoxy or halogen; 
in free fomi or in acid addition salt form, 

3. A compound according to claim 2 (a compoand Ip) wherein R is R^ which is: 

a) Ri'*NH(CH2)2- wherein Rj*" is a pyridinyl or pyrimidinyl moiety optionally mono- or 

indcpcndendy disubstituted with halogen, trifluoromethyl, 
cyano or nitro; 

b) (C3-7)cycloalkyl optionally monosubstitutcd in 1-position with (Cj.3)hydroxyalkyl; 

c) R2*'(CH2)2- wherein R2'* is phenyl optionally mono- or independently di- or independently 

trisubstituted with halogen or (C|,3)alkoxy; 

d) (R3'*)2CH(CH2)2- wherein each R3** independently is phenyl optionally monosubstitutcd with 

halogen or (Ci.3)alkoxy; 

e) R4(CH2)3- wherein R4 is as defined above; or 

0 isopropyl optionally monosubstituted in 1-position with (Ci.3)hydroxyalkyl; 
in free form or in acid addition salt form. 

4. A compound according to claim 2 (a compound Is), wherein R is R*, which is: 

a) Ri*Rii*(CH2)m(- wherein R/ is pyridinyl optionally mono- or independently disubstituted 

with chlorine, trifluoromethyl, cyano or nitro; pyrimidinyl 
optionally monosubstituted with chlorine or trifluoromethyl; 
or phenyl; 

Rjt' is hydrogen or nocthyl; and 

ms is 2 or 3; 

b) (C3,i2)cycloalkyl optionally monosubstitutcd in 1-position with hydroxymethyl; 
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c) R2*(CH2)b- wherein cither 

Rj' is phenyl optionally mono- or independently di- or independently 
trisubstituted with halogen, alkoxy of 1 or 2 carbon atoms or 
phenylthio monosubstituted in the phenyl ring with hydroxymethyl; 
(Ci.6)alkyl; 6,6Klimethylbicyclo[3.1.1]hept-2-yl; pyridinyl; 
naphdiyl; cyclohexcne; or adamantyl; and ns is I to 3; or 

R2* is phenoxy; and ns is 2; 

d) (3,3-diphenyl)propyI; 

e) R4*(CH2)p, wherein R4' is 2K)xopyrrolidm-l-yl or isopropoxy and 

ps is 2 or 3; 

f) isopropyl optionally monosubstituted in 1 -position with hydroxymethyl; 

g) R5* wherein R5' is: indanyl; a pyrrolidinyl or piperidinyl moiety optionally N-substitutcd 

with benzyl; bicyclo[2.2.1Jhept-2-yl; 2,6.6-trimethylbicycIo- 
[3.1 .l]hept-3-yl; adamantyl; or (Ci^)alkyl optionally mono- or 
independendy disubstituted with hydroxy, hydroxymethyl or phenyl; 
in free form or in acid addition salt form. 

5. The compound according to claim 2 wherein R is 2-[(5-cyanopyridin-2-yl)amino]ethyl, 
i.e. l-[2-[(5-cyanopyridin-2-yI)amino]ethylamino]acetyl-2-cyano-(S)-pyrrolidine, in free form 
or in acid addition salt form, especially in dihydrochloride acid addition salt form, or 

a compound according to claim 2 which is of formula I wherein R is either 

- 2-[{5-chloropyridin-2-yl)amino]ethyl, or 

- (l-hydroxymethyl)cyclopcnt-l-yl, or 

- 2-[(5-nitropyridin-2-yl)amino]ethyI, or 

- 3-(isopropoxy)prbpyl, 

in free form or in acid addition salt form. 

6. A process ifor the preparation of a compound according to claim 1 which comprises 
coupling a reactive (2-cyanopyrrolidino)carbonylmethylene compound with an appropriate 
substituted amine or, for the preparation of a compound according to claim 2, which comprises 
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reacting a compound of formula n 



O 




n 



wherein X is a reactive group, 
with a compound of formula EH 



m 



wherein R is as defined in claim 2. 

and recovering the resultant compound in free fomi or in acid addition salt form. 

7. A pharmaceutical composition comprising a compound according to claim 1 in free form or 



pharmaceutically acceptable carrier or diluent. 

8. A compound according to claim 1 in free form or in pharmaceutically acceptable acid 
addition salt form, for use as a pharmaceutical. 

9. Use of a compound according to claim I in free form or in pharmaceutically acceptable acid 
addition salt form in the preparation of a medicament for inhibiting DPP-IV or treaung 
condidons mediated by DPP-IV. 

10. A method of inhibiting DPP-IV, or of treating a condition mediated by DPP-IV, which 
comprises administering a therapeutically effective amount of a compound according to claim I 
in free form or in pharmaceutically acceptable acid addition salt form to a patient in need of 
such treatment. 



in pharmaceutically acceptable acid addition salt form, together with at least one 
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Republic of MokJora 


TC 


,Ter> 


BB 


BartwdM 


CH r 


Ghana 


MG 


Madagascar 


TJ 




BB 


Bclpum 


GN 


OiJnea 


MK 


The former Yujoalav 


TM 


Ttirimcnliun 


BF 


Buitlna Puo 


CR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Buttaria 


HU 


Hflngary 


ML 


Mall 


TT 


Trinidad and Tobago 


BJ 


Benin 


IB 


Ireland 


MN 


Moiisolla 


UA 


Ukraine 


BR 


Braiil 


IL 


Uxwti 


MR 


MaariUnla 


UG 


Upnda 


By 


BeUnu 


IS 


Iceland 


MW 


Malawi 


VS 


United States of America 


CA 


Canada 


IT 


ftaly 


MX 


Mocfeo 


vz 


UzbekictaA 


CF 


Ccndml Afirlcn Republic 


JP 


Japan 


NB 


Nlrer 


VN 


Viet Nam 


CG 




KB 


ICenya 


^^L 


Netherlandi 


VU 


YnfcttavU 


CH 




KG 




NO 


Norway 


ZW 


ZJRibabwe 


a 


COu d'lvotre 


KP 


Democratic Pcoplc'a 


NZ 


Hew Zealand 






CM 


Cvnerooo 




K^blic of Kcrra ' 


PL 


Polai^ 






CN 


CWm 


KR 


Republic of Korea 


PT 


Ptirtiss*l 






cu 


Cuba 


KZ 


Kazakitaa 


RO 


RomaaU 






cz 


Czech Repablie 


LC 


Salat LucU 


RU 


RuiaUii Pcderatioo 






DB 


Gem any 


U 


Licchtaweia 


SD 


Sudan 






DK 


Demnaric 


LK 


Sti Unka 


SE 


Sweden 






EB 


ExionU 


LR 


LIborfa 


SO 
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INTERNATIONAL SEARCH REPORT 



mten nat AppUcAlton No 

PCT/EP 97/06125 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 .C07D207/16 C07D401/12 C07D403/12 A51K31/40 
A61K31/505 


A61K31/44 


Aoeoniwi9 to mumatiofuJ P*ttnl ClMiiho^tion (IPCl ot to both Miiofwl oluilhcabon and IPC 






e. FrELOS SEARCHED 


Mmmufn o 

IPC 6 


MumcnuOMn Morormd {oUms^raation »y«t*m toUowvd by eUauhonon tyrrbote) 

C07D , 






Docum«fTUOon %MMim^ om«f m«n rmi«num<h>aufTw\tAiion to tn« ftirttnt that tuotx oocurmm «r* inctud*d m th* t 


>*k» a* 


Brah*d 


EtMlUuilHi G 


ata D«s* oonaufMd duftng tft« mt«m«bon«l Marah (nam* ot daU b«a« and. Wb*f« piaaboaV, aaarsti iwn 


-M uaad! 




C. DOCUMENTS CONSIDERED TO BE RELEVANT 




CrtAtmo ot oooumant. w<h vfdioatwfv. wttara appropnata, ot th* r*Wv«m Daaaaq** 


fUtavani to dam No. 



WO 90 12GQ5 A (YOSHITOMI PHARMACEUTICAL 
INDUSTRIES, LTD.) 18 October 1990 
see page 39, compounds 19, 20. 22, 24 
see abstract 

EP 0 172 458 A (SUNTORY LTD.) 26 February 
1986 

see claims 1,4 

EP 0 115 639 A (HOECHST AG) 15 August 1984 
see claim 1 

EP 0 132 580 A (HOECHST AG) 13 February 
1985 

see page 10, line 30 - page 11, line 3 



1,7 

1.7 

1 
1 



□ 



Furthar docurmfm ai* NUd m th* ooat«m«bon of box C. 



m 



Pat*f4 tanwty iftan^Mn 9^9 ( it* d h 



* Sp*etaloata9on*a o4o«*d aooumant* : 

*A' doQ u mfrt d*finin9 th* 9wt*nil atal* olth* art whioh no4 

oo n* «d*f*d to t>* ol particular i»la»ano* 
'E* ■B/*M-dooum*nttMApiJb<t«NKloncKan*rth* int*fnationa( 

Mtnt data 

V dooun»*m whwh may throw dootofa on Dfionty erfaM»lof 
whah m c«*d to *«t«Mah th* pubttoabon oat* o« anothar 
odJtton or otn*r tpAOtai raaaon (am apaotficd) 

*0* dootimMttf*t*mn9uanor*ldMeJoaura, u*«. AxhMkon or 

"P" dooum*nlDubUH*dpmirtoth*int«fnalK>nal lilin9 date but 
tat*r btan in* pnonty dat* otavnad 



T Ul*f doetm>*n<publiah*daA*f th* int*ma6onalKhn9da/b 
or pnonly date ana not m eontttet w«* th* apofco at iofi tnit 
ot*d to und*r«iand th* pnndpW or th*ory wnd*ftymg th* 



'X* dooumvrtt of pMtiouUr r*Wv«noa: th* otaanad tfwa n tion 
oannott>*oonMO*rM<r>ov*loroarTrtolb*oonwdM*d to 
mvohr* an awantAM Map w^tan th* dDcum*ftf ■ tah*n alone 

*Y* docwn»nto< pfbowlarr*t*va<i ot :th*cl*hnid I m ^arition 

oannot b* oonaid*r*d to mvo^r* an OTv*flby* i4*pi^rfi*fl th* 



nwnta, woh oombnakon b*«tg obMou* to a parwon a* u Mad 
nth* art 

•i* doourT>*fMiTMfnb*f o^th*aafmp«l*nttarr*y 



Cat* at th* actual oomptaUon of ttMvttarnadonal oaarcA 

5 May 1998 



» o4 maihng of trt* aitawaboaai aawuti 

25.05.98 



hiaitia and nwlino adar*«« ol tha ISA 

Eurooaan Patant OMie*. P.B. Mia P«l*ntt*«n 2 

NL-Z2aOHVR4MM^ 

Tat. (+3t-70) 34O-20«0.T]t,3t frSSaponI, 

Fm: (+31-70) 340-3016 



Authontod othoar 



Hass» C 



FoimrCT/OVaiOuw 
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INTERNAHONAL SEARCH REPORT 



I notional appiiaation No. 

PCT/EP 97/06125 



Box I Obfiervatlons wUf cvtaln claims wm found utiMVcliafaU (Continuation of ttcm 1 of f trst sheet) 



Thrt IntamationaJ Search Report hm not bMn a»t«bli«h©d in reapoci of o^ain cUimi undar Artid« 17(2)(«) for !h» fodowing fMSons: 

1. fx] Claims Nk».: 10 

becauM thoy roloto to aubjoot m«tt«r not i»<fjtrad to be ■■arched by this Autbooty, n«m»ty: 

Remark: Although claim 10 

Is directed to a method of treatment of the human/animal 
body, the search has been carried out and based on the alleged 
effects of the compound/composition, 

I — I 

2. I I aaifiB Noa.: 

beoam* they relate to parta ol lh« WrtamalionaJ AppSoation thai do no! oomp<y w»h the pretcribad requiremenU to iuoh 

an extent that no meaningful Entamational Search can bo cafriad out, speoiA'oaily: 



□ 



3. I OaJma hiot: 



beoausa they are dependent daima arwi are not dfaftad in accordance with the seoond and thcfd santencea oi Ru»c 6.4(a). 



Box U Observations whera unity of Invention Is lacking (Continuation of Ham 2 of first sheet) 



Thia Intamationel Searching Authority found muttJfjte inventiona In tWa international appiioallon. as (o*ow»; 



□ As all requtred additional 
saarchable claims. 



aoarch laaa wara timely paid by the applicant, thia Intt.-nationaJ Saarch Report covers aH 



2. I I As alt aearchaUe otalma couW be aearchad without effort |uatifying an additional fee, tWs Authority dd not invite payment 
o( any additional fee. 



3. I I As only aomo of the r»quired edditiooal aearoh twa were timely paid by the applicant, thb Intomational Search Report 
I ' cover* only Ihoae daima lor which teee ware paid, apooilioaly daima Noa.; 



4, No required additional aoarch leea were Hmely paid by the epplnanl. Conaeqoerthf. this Irtemationaf Search Report a 

raatncted to the kivenlion firal mentioned in the dajmi; it is covered by daima ftoa.: 



Remark on Proteat 



[ The additional search fees were accompanied by th« oppttcanl a proteal 
j h4o proteat accompanied the payment of addMtonal saarch feci 



Form PCT/lSA/2 1 0 (conlinuatton oi fwt ahea* (1 )) (July 1 992) 
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EP 115639 A 15-08-84 



JP 


1792858 C 


14-10-93 


JP 


4G79334 B 


15-12-92 


JP 61037754 A 


22-Q2-85 


AU 


575668 8 


04-08-88 


AU 


4559785 A 


06-02-85 


US 


4743616 A 


10-05-88 


DE 


3300316 A 


12-07-84 


AU 


575306 B 


28-07-88 


AU 


2314684 A 


12-07-84 


CA 


1220213 A 


07-04-87 


CA 


1235128 C 


12-04-88 


DK 


6384 A 


08-07-84 


DK 


33196 A 


21-03-96 


FI 


840027 A,B 


08-07-84 


JP 


1799960 C 


12-11-93 


JP 


50G6542 B 


26-01-93 


JP 


59144755 A 


18-08-84 


JP 


1873839 C 


26-09-94 


JP 


5070423 A 


23-03-93 


JP 


5083541 B 


26-11-93 


JP 


1882526 C 


10-11-94 


JP 


5078312 A 


30-03-93 


JP 


6010198 B 


09-02-94 


PT 


77924 B 


30-05-86 


US 


4684662 A 


04-08-87 



EP 13258G A 13-02-85 DE 3322539 A 10-01-85 

CA 1224792 A 28-07-87 

OK 306684 A 24-12-84 

FI 842522 A 24-12-84 

JP 60013756 A 24-01-85 
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